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PURPOSE:To provide a method for forming a barrier metal layer having low contact resistance and 
excellent in coverage and intimate contact with an insulation layer at a higher grow rate as compared 
with conventional technology. 

CONSTITUTION:When a barrier metal layer composing the wiring in a semiconductor device is formed, 
the lower layer 20A of a first barrier metal layer is formed by CVD using first material gas containing a 
metal element composing the barrier metal layer. Subsequently, the upper layer 20B of first barrier metal 
layer is formed by CVD using the first material gas and a second material gas containing an element 
reacting on the metal element to produce a compound while increasing the volumetric ratio of the 
second material gas to the first material gas from zero to a predetermined value. A second barrier metal 
layer 22 is then formed on the first barrier metal layer by CVD while increasing the volumetric ratio 
above the predetermined value. 
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7>try hCVDSCT, 2 CDA U 7* $)Vm±-\Z$ 

mmm±<D&MKmmnmmt\zx 2 1 oda, 

m$;TZ>Z.£:lz<kr>T, »mm±\Z±msmmiJ»OL 

y^) sau e;7*-;i/£»firr*. envois 
\*nmmi<D [is-14 0] trnffitTzzLtfii-v^ 

[0 0 4 5] ^2(7D/N*U7^^;i/B^T i ON^b« 
T*ft*>DlC, T iBN, TiCNSSWTiCNO 

mmm2<D [1 

11- 2 2 0] fc*frt*ECR^^XvCVD©*frS£Jl 50 



» 1 0>®*»;tf;* 
^2COig|4^X 

EE^ 
orr) 

10 v-r^p&m^ 

(T i CN©j*gt) 
» 1 <0IS**;tf* 
?g2(DI§C»;tf* 

orr) 
Kg 

20 (T i CNO0M) 
SB 1 COKtttfX 
SB2<DIgm;tf* 
3 OJRfttfX 

orr) 

. : 1^4 2 0° C 
V^/7P&ttJ^ : 2. 8kW 

[0 0 4 6 ] (*Jfi0J3) *MfflliatX*J8«2fc*^ 

i) ^m^Tzo §ft«W3 Kc&Vvrtt, rtV7*9)VM& 
Mt^^Iffici:lTA7-^A (Hf) &m^Z>. 

mmm3\z^x^, &m&mmm\z*>?^>7 

7>^7hCVDSCTi|i5n 9 fiTF* Sfe&6fl|3e>A* 
[0 0 4 7] [IS- 3 0 0] 5fct\ «*tfattflD*tt 

^t>«Iyf>i/ (RIE) SiSffl^tM 
PS8*«fi)cTS. :©I1H ^dg^JlCD [IS- 10 
0] £ra«£-T£ 

[0 0 4 8] [is- 3 i o] &\z, *&m<D/V)7* 

^^l^MJffil^^T, ±#<BJPS**5nm<B*l 
©A'J7^^;H$Mf§ 0 H3tc:^UfcECRy^ 
X7CVD8i6ffl^T» AU7^^;HS««t5* 
STcifl (Hf) ft^W-rs*l<DIR»^ (HfOCl 
i) "^T» 1 OA U 7^ *;H©TIS E C R ^7 



T i C 1 , = 2 Osccm 
N 2 = 8 seem 
BC 1 3 = 1 Osccm 
Hz = 2 6 seem 

0. 13Pa (9. 6X1 0~ 4 T 

194 2 0° C 
2. 8 kW 

T i C 1 4 = 2 0 seem 
N 2 = 8 seem 
C H 4 = 1 0 seem 
H 2 = 2 6 seem 

0. 13Pa (9. 6X1 0" 4 T 

84 2 0° C 
2. 8 kW 

T i C 1 4 = 2 0 seem 
N 2 = 8 seem 
CH 4 = 1 Osccm 
0 2 = 5 seem 
H 2 = 2 6 seem 

0. 1 3 P a (9. 6 X 1 0" 4 T 



(7 ) 



11 

XvCVD&tCXJEJ/jfc-r-S. ECR^^CVDCi 

£igiOTA*'j7^;uBcDTB©jB^i&#£. #jx.i;m 



ss 1 ©imtfx 

/Pt 7#7, 
orr) 



H f OC 1 j = 1 0 seem 
H 2 / A r=5 0/4 0 seem 
0. 13Pa (9. 6X1 0" 



$54 0 0" C 
2 . 8 kW 
1 0#> 

[0 0 4 9] ffl. ^lffl^^iLT, H f OC li 
CDftfc>9£, Hf (0-t-C 4 H,) .Sffl^Ctt) 
TfT*. H-fOCl,WHf (O- t -C 4 H,-) 
(*:|S»-C»S. *niK, HfOCl,£7k, Hf (O- 

t-c 4 H.) ,&7j],=i—)im(ommzmfrv?t&, h 
e ^x^fw^u >i/vxmn^x tuxtjsti.. 

[0 0 5 0] [IS- 3 2 0] §|#ltt£, ^Htu* (H 
f) iCDfb^ (Hf Bi) *£j£W#*7G* (B) * 
^#-r*JS2©SW#;* (BC htfT.) XtfJB 1 ©* 
**#7. (HfOCl,) fip, «2fflBM^ 

*/8 1 ©SW#X*©«£-& 0 *> &0f3t©«^*-CKJ 
fln£it&;0*£>, $gl ©A*'J 7^^;H©J:lSECRy 
7X7CVDftKT»«n. f lOffiiJXM-^ 
fcbT, ^2CDM^xaS:0^e> 1. 5sccmST-^^ 



2 ©fgift;tf7, 
orr) 



H f O C 1 , = 1 0 seem 
BC 1 j = 0~l. 5 seem 
H 2 /A r = 3 0 / 5 0 seem 
0. 13Pa (9. 6X10" 



m& 5 0° C 
2. 8 kW . 
6 0© 

ft, $&2<DmW#7>£l>T, BC 1,0 ftp*) \Z, BB 
r,*SWJB,H, Srfflli-Sdtfc-C^*.' 
[0 0 5 1 ] ini:<toT, ±CHf*6^il0A 

*;m©±B ^kis^ (n) «t«*»ic-&sn#*. 

[0 0 5 2 ] Sgl ©A'U T^^;US©TBtt, Hf©*- 

»«JI<!:0«3jHt,C«tl*. »l(0/tiJ7^^ 
«£#*H f ©*a»S«fifcrs«'^«hJfcttL-C, » 1 © 

a* u t * $ )i>m&-fm/±mfr s «^-r cittcto 

[0 0 5 3] [11-3 3 0] ?I^,'I2CSM 
XS/fg 1 C0S^^f7»CDfiJ^-$r, [IS- 3 2 0] \Z 

^n^m^.om^^K)^mm^^tz^.m-Q, h f b 

x (0<X^2) ^6tol2C0A''J7^^;H^Sl 



20 



40 



fW7-66143 
12 

1&2&/VJT*&JM<Dm-£&5 0 nratl/L ECR 
7"5 X'V C V D «fc -5 |g 2 CO A U 7 * * )VM OMj$3k1* 
«Atf£tTO<fc*0fr4C 4 i:!Wi?#S. 



T'P-fcT.tfX 
orr) 



H f OC 1, = 1 Osccm 

BC 1 s = 3 Osccm 

Hi/A r = 3 0/5 Osccm 

0. 13Pa (9. 6X1 0" 4 T 



10 V-f ^p&tfJTJ 



#J6 5 0° C 
2 . 8 kW 

[0 0 5 4] [11-3 4 0] ^^T, ^>^Xr>^ 
7^7 1-CVDSCT, i2©/tiJ7^^;H±C^ 

Ji©&SiS*i#**JIMtffcMI 2 R«SB 1 CD A* 

y*—)i>&M)$-r2>. feswax, *e»BJt©&jsBEigi 

2 XtfJS 1 ©A*U 7^^;P«*BS?MK 
U #f-tfT, HD«Ai:«Mi««»M &>tf*7-> 

t"7^) saiu, \±T-fc-)v*Mmirz>. cine ©is 
tt*JSm© [IS- 14 0] tra«tT-5:it*»-p€r 

[0 0 5 5] /VJ 7^^ JUSWatS^Ii l/TH f 
©ftbOtCvVI/P^A (Zr) ^ffll^itm 
-5. £©*•&, HJE01J3© [IS- 3 10] , [II- 
3 2 0] RZf [IS- 3 3 0] \Z38Vf%> ECR 77XV 
CVD©*#£«TK:0y^T**ttlC«SiM.:mi.k 

30 (Sl<DA*U7/^;H(DTI«M) 



81 ©K»#;* 
T'P-trT.tfX 

orr) 



■7-f fPiStB^ 

(fg i ©a U7^^ jvm<D±m<Dj&m 



Z r C 1 4 = 1 .0 seem 

H, / A r = 5 0/4 0 seem 

0. 13Pa (9. 6X10' 

154 0 0" C 
2. 8 kW 
1 0® 



SB 1 ©S$f#7, 
f 2C0IM7 

yp-trx^fx 

orr) 



50 



Z r C 1 4 = 1 0 seem 
B C 1 3 = 0 ~ 1 . 5 seem 
H t /A r = 3 0/5 Osccm 
0. 13Pa (9. 6X10-' T 

156 5 0" C 
v-f^PfetBTJ : 2. 8 kW 

f&mmm 60& 

(I20AU7>C5';H (ZrB, , 0<X^2) ) © 

^l©MW-^fX : ZrCl 4 = l Osccm 
g§2©fCW#7 : BCl, = 3 0sccm 



13 



H 2 /A r = 3 0/5 0 seem 
0. 1 3 P a (9. 6 X 1 0" 4 T 



Hit) 
orr) 

fiA : 156 5 0° C 

v-T 2 n&tH^J : 2. 8kW 
[0 0 5 6]$1 (DMt&jSX h IT, Z r C 1 4 ©ttto 
ZrClj^^:^^^ ZrChM 

ffifflT^o S2(OBfl^tL,T, BCI.Cft" 10 

BB r 3 »5WiBiH 6 SS^SutfeT* 

l^MxM-gClT, ff§2(D]lC^;#Afi£:0#> 
6 1 . 5 sccmSTlft* Sn£l±3o 
[0 0 5 7 ] R_t, ^Jfiffil^a^*, #»W<0A'J7* 

^7>iT7hCVDfe^t)0l:, Mo, TU NI, 

Co, A 1 , Cu?, $§1^1 W, Mo, T i, N 

i, C o «f Oftli/ U W K Sfiffl lfe^5 >y y h C 20 

[0 0 5 8] #*lWl:i3^TH lOOECR^X 

7cvd mw*m ^xm 1 as 2 oa u t *$)vm & 

ECR^7XTCVDg«*ffl^SutfcTS5. ^<£> 
S 1 ©)SI?t >A*f:TS 1 (OAU 7^ 

*;wi*»j«u ^c^-e, 30 

»2(&/&)R^>AM£SfiAU ST^/SIK^^AKT 
2 A U 7 >* & )VM £ Mfo-f *Ct^T««. 
[0 0 5 9] ICH y7>^7hCVDffi^t>D 
i:> -MA 1 , Al-USi, Al-Si- 

Cu, Al-Cu, A 1 -Ge^ODT^ — 

ifinss. \z mm 2 nt \,*z>rz#>. mnm^iz mm vtztjv 

JB4 0 0° C^±iHi^£JlT*TfftllRSn*. 

[0060] miRum2<D/^^T^^)im^m^vrz 
M&*mz?\zmmLTM<D^*>rt-?A\-i% 

J^fllA?— DC 10 kW 

X/ty^£EA 0. 4Pa 50 



( 8 ) &m¥7 - 6 6 14 3 

14 

&mn?&um 5 o o ° c 

ynirxtfx . A r : 1 0 0 seem 
J&SftMS 0. 3-0. 

[0 0 6 1 ] *1&«S2^U7^^ 

TA 1 - 1 %S i t)^^^7;H-0AM^> #1*. 



DC/W- 



Ar = 100 seem 

2 0 kW 

0. 4 P a 

1 5 0° C 

1 2 0 0 nm/# 



(7;^-«5A(DU7n-*f|:) 

5 0 0° C 
2# 

A r = 1 0 0 seem 
1 . 1 x 1 0 3 P a 

z.z.r\ mfammxTstimtttiz, sssdicebi 

*ATS^li:fcckoTSS*jp«i-rs*SC"C«*. SPSS 

[0 0 6 2 ] iilit S iO t fzttT*t£<, PSG, 
BSC BPSG, AsSG, PbSG, SbSG, v 
Ua^SMblBt, Si ON, SOG, SiON^« 

[0063] ^mmthMmmz^y?? h*-;u 

[0 0 6 4] *^HJ0D^ i GD A U 7 ^ > ;l/Ji Sr^fiKf S 

Tl#'>U3>o«&, ii(DA < U7^^;H0TI© 
WJBS*fl=tcfcoT»4, fg 1 <2A U 7^ ^JlWiGDTJiteT 

So 

[0 0 6 5] 



( 9 ) 



7-66143 



15 

[Hi] *&w<D^V7**)im<DMj&xm&mw?z> 

[0 2] *»WOAU 7^ j'iHOJS^tttioTft' 
[03] ^^IMLtECR^XTCVDg 
[04] 7v>iry KCVDftSRflt^tftO, 

[05] stja7)u5— ^A^/xy^ttsKM-rsfc* 
i o s# 

1 2 7jKttj£1RfiHtt 
1 4 j| 

1 6 MDfB 

2 OA ^10A*'J7/^;HOTI 
2 OB »10AiJ7^^;H©±l 
2 2 fH2<D/VJ7*&)Vm 



16 



10 



±JIEIIUI 

5 2 tHr:/* 

5 4 5>^JnJR¥a 

sg i cd# asi ass 

7 4 JB3'cp*^*A« 
#A3IAP 



2 4 
2 6 
2 8 
5 0 



5 6 

6 0 
6 2 
6 6 
6 4 

6 8 

7 0 
7 2, 

7 6 

8 0 
10 0 



10 2 Zf^X^ffi 



(A) 



C B ) 



CO 




1 0 24 




(A) 



(B) 




20B | 






'/ 20A 






K H 










1 

U 


— i=td = 



I 0 



1 2 



( 10 ) 



- 6 6 14 3 




(so int. ci. 6 mmn ir^mm^ fi mm^mm 

HO 1 L 21/3065 
21/3205 
21/768 

HO 1 L 21/88 R 
21/90 C 



